Section 2 
System Architecture 



SYSTEM BUS 

Each Level 6 Model lias a system bus, of which there are two different kinds. The Model 
23 iitiJizes ;i Ju-il, synJiroiicms biLlirtctional bus while tlic Models 33, 43. 47. 53. and 57 
have a single, asynchronous, split-cycle bus (Megabusj. Megabus Kystems are field-upgradable 
from one model to the next, l-igure 2-1 provides system architecture diagrams. 

CONNECTABLE UNITS 

There are three principal types of bus-eonnectable (plug-in) units in all Level 6 systems: 
central proLessori. input/output eontrollers, and memories. One or more of each t>"pe can 
be included in a systc[u. All are interconnected via the Level 6 system bus. 

Up to II conncctable units arc supported by the Model 13 and up to 23 conneelable 
units are supported by the MolIcIs ^^. 43.47. 53. and 57, In this context, j connectable unit 
generally rs synonymous with a board and can be any one of the following: 

f.) CeTilral Prucessnr 

o Memoiy Controller with 8K to 128K 16-bit words of memory 

o Multiple Device Controller 

Other Peripheral LonlroNers 

o Multiline Communiearion^ Processor 

o Seientinc lni.truction Processor 

c» ConniiercJal Instruction Procesi^or 

o General Purpose DMA Interface 

Several controllers of the same type may be included in a system. Each is identified by a 
unique mudiiJc address w.liie]i L^ca^ily fit Id -adjustable. 

Figure 2-2 illustrates a typieal Model 43 system with memory management, 96K words of 
memory, 512 megabytes of disk storage, a eonsoic, n hne printer, a card reader, \2 CRTs. 
and a communications link, to a host. All of these elements fit into eijzhi of the ten avLiilable 
Megabus, ^lots. Note that if High-Deniily MOS Memory were used in place of the standard 
type, only six Megabiis ^lo[s would be used instead of the eight shown. If further expansron 
is required, additional chassis can be added until the maximum 23-module capacity is 
reached, 

INPUT/OUTPUT CHANNELS 

Input/output controllers are u^i^d lo control one or more peripheral devices or communi- 
cations lines, A mulliluie comnuuiications cnntroher can, for example, handle up to 8 full- 
duplex lilies or 16 simultaneous input/output paths. Each path is considered to be a channel 
and will liEavc a unique channel address. The logical capacity of the system is 1024 channels. 
Lvcry device wiU Jiavc at least two channels assigned to it. even though both are not always 
used. Odd numbered channels Eire used for output devices, even numbered ehannels for 
input devices. TliUs, a line printer reiL|uires two channel addresses, but only the odd 
numl^red clianncl will be used. Two diskette units on a single controller would have four 
cliannel numbers assigned, one for each device in each direction . 
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Figure 24. System Arcliitcctiire 
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Figure 2-2. Typical Model 43 Configuration 

The channel number for each data pjiih is a ten-bit vabe. Of tlicse the hi^li-orJer bits are 
fat: ton-- assigned by ine^ns of an iidiustiible rotary switch wJiicb i^ L^asily field-chJjii^eahlL'. 
The low-onler bit^ kltiilify the *^port"' on tho L^oiUroJler, witli the least sigmlicmU bil ibe 
direction bit - odd for outpiiL even for input, A typical MDC device dr.mnd mirahti is 
shown below. 
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Multiple dcvJL;es of the same type can thus Ic assigned to different channels, Channel 
numbers are a means of addressing input/oulput units and liavc nothia^ to do with either 
bi!^ priority or inlerriip' priority levels, 

INTERUNIT COMMUNICATION 

Besides differing in its basic architecture from the rest of Level 6. lEie Model 2:^ also 
ditfers in its interuiiit cojnmunication. The Model 23 peripheral adapter? (i.e., console, 
pnnter, and di&kcttcJ execute all da1a transfers in the Data Miiltiplc^x Control (DMCI mode 
while the Communications Adapter executes its data tran:sfers in the Direct Memory Access 
(DMA) mode. The peripheral and Loinmunications controllers for the Model ^3 and larger 
modds, however, all operate m the DMA modo. In DMC operation, the CP must control tlie 
data transfer operation, whereas in DMA operaliun. after tlie clnmntl is set up hy the CP, 
data transfers arc effected independently of the CP. Tlie remaining: portion of this section is 
primarily concerned with tlie Mcgabus archltecTiire and the DMA mode of operation. 
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If a processor wanU to store a word in memory, it sends that word together with its 
uieiiiory atklress down the Mcgabus to the memon'. In thia case, it acts as the master and 
tlie memory acts as the siavc. The transfer of tho information from a master itiiit to a slave 
unit takes a singie bus cycle. There are several types of bu^ cycles, and various units can 
become masters and various units slave?. The bus cycle described above is called a write 
cycle and is piulured in Figure 2-3, 
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Figure 2-3, Write Cycle 

The bandwidth of the bus is 6 million bytes per second, a bus cycle taking approximately 
300 ns. The bus is asynclimnous in design, permitting units of var^'ing speeds to operate 
effectively on the same system. The extremely high, speed of the bus allows a sreat many 
operations to be multiplexed, thereby giving a high degree of overlap among various system 
elements. 

Mega bus Priority 

Any unit on the A'lei-aLus can become the master. To do so, it must have a higher priority 
than any other uiiil simulti neon sly also trying to become a master. Bjs priority is depen- 
dent upon the relative position of the unit on the bus. Memories have the highest priority. 
intervening units have le^er priority, and the central processor has the lowest. While this is 
shown in I'igure 2-4 as the highest priority on the left, in actuality the memories are 
physically at the bottom of a unit and ibe central processor is at the top. Therefore, the 
liigliesl priority devices are those Toward the bottom. 
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Figure 2-4. Bus Priority 
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Typci of CP and Meiiioi> Tr.irisfei^ 

The write cycle shown in Figure 2-3 is one type of transfer between a central processor 
and memory. A write requires a dnglc bas cyde. Another common operation occun; wlieji 
tlje central processor wants to read a word of data from memory during either an instruc- 
tion felch or ;m opemnd fetch. A read operation requires two bus cycles: a read reL|uest 
cycle and a read response c>cle. During a read request cycle, the central processor is the 
master and tiie memory the slave The a;ntral processor sends a memory address pfus its 
own proce?5or chamicl number to the memory. Accompanyijig this transfer is 2. signal that 
says ri response is requested. Upon rcccipE of tliis request, tlie memory accesses daia and 
mftiates a response cycle. For tliis cycle the memory becomes Ihe master and the CP 
becomes the slave. The memory puts the data, together with the central processor channel 
number, on the buji anti the CP accepts il. 

Mjjure 2-5 illustrates a typical read operation for a processor with: 1) a single-fetch 
memory an<l 2) a double-fetch memory. As can be seen, the single-fetch memory rend oper- 
Qtion 1^ a two-bus cycle operation, while ihe double-fetch memory r^ad operation is a three- 
bui^ cycle operation and uses two memory cycles. In cither case, both units will appear busy 
to :iny other unit that tries to address them during this time - with the exception of the 
centra] processor, which can accept interrupts from other unhs. request other cycles or 
receive responses between the read request and the read response bus cycles 
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Figure 2-5. Read Operation 
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The memory doL-s not initiylc the read response cycle until after it lias accessed the data, 
liiis is done during 3. 650-ns nisjmory cycle (for smgle-fetch meiTioi>'J which partially over- 
laps tlic two hLl^ eyelids (sec Figure 2-6); or tivo overlapping 5!S0-nJi memur> cycles l^for 
ijoubjt^fctcli memory) lliat partially overlap three bus cycles. Duhii^ this timt: the bus is 
free to aeccpt requests, from other units, interleaving bus cycles and effectively overliippin^ 
operations. 
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Figure 2-6. Timing of Memory Read Operation 

Ccrtaiti central processor to meiTiory operations operate in read-iTiodify -write mode and 
rcnuire three cycles a read reqitest. a read response, and a write cycle. Among tliese are a 
group of central processor instructions specitlcalty designed to support mLdtiprocessor oper- 
ation in tiiat initiation of these instnietions locks meinory for the fuU three cycles,' This 
feature allows one processor to set flag-, in memory to be tested by another processor, with- 
out the chance of the 'second processor testing the flags while the change is taking place. 

Inpuf/Output Transfers 

Ah I/O transfers occur in direct memory access *DMA) mode. Once a channel is set up by 
the central processor, data transfers are effected via the bus independent of the central proc- 
essor. When a channel wants to input a word to memory, it becomes fhe master and initiates 
a write cycle transmitting th^ data and the meinory address to the memory (Figure 2-7), If 
the channel is connected to an output device and it wants to receive a word from memory, 
it initiates a read request cycle and then, after the inemory ha^ accessed the data, a second 
bu?* cycle, tlie read response, is initiated with the memory as master and tlie channel conlro]- 
ler as slave (rignic 2-8). 
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Figure 2-7. I/O DMA Input Operation 



'Tilt as tFinstriiLtiorLMlut "]ct'k" mem,»;yarElNC, Dbt.. Llii, LBT, LliC, and LES. (See Seclioii 4 for dttaUa,] 
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Figure 2-8. I/O DMA Ouipul Operation 



Multiple 1/0 units fincludinj- those on the smut controller) can be operating simul- 
taneously and can nuiltiplcx on a word basis to (he saiuc memory as long: as the combined 
da1a rates do not exci:^d rhe in;iximuni memory transfer rate of approximately 1 1 million 
words per second. As this rate is approached the central processor is locked out since 1.0 
ch^nneh have a luglicr bus piiority than the CP. If a second (or third) memory controller is 
added, true overlap can be attained, with ih& centra! processor communicating to one mem- 
ory unit ut the same time as the input/output channel is coinmunicatrng to the second 
memory unit. 

lnpnt^'Oni|iul Cnniniaiids 

In order For an input^output ehamieJ to initiate a DMA block transfer, it must first be set 
up by a central processor. This is done via an I/O output command. The central processor 
senJs several words of information to the I/O controller, taking a smidc l-'O write cycle to 
send G3ch word (see Figure 2-9). The processor sends a word of information together witli a 
channel number ard a function code defining what that word of data is. Typical words that 
must be sent from a central processor to a controller are ia^A words idertilying the opera- 
tion to be perfonned. c-onfigurailo}} words showing such things as tlie track and sector of a 
disk file, address words showmg the address in memory where the transfer is to start, and 
rangi^ words showintihow many s^ord^ or bytes of data are to be transferred. 
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Figure 2-9. I/O Output Command 
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In addition to J/0 output commands, the processor can initiate I/O input commands. 
These arc two-cycle opcmtions In which tlic processor issues a read request to the I/O chan- 
nel. !^;^nding it t>oth a channel number md a function coJe, plus its own processor channel 
number. Tlie read response cycle is then initiated by the [/O channel, with the contents of a 
particular channel register being ^nt back to the central processor. Typical registers which 
are reaJ hy the processor are status registers showing status and error information, ratine 
registers typicahy read after a DMA trjiister to determine how many characters have been 
read m, and idenUfiraiion registers sliovving a fixerf ID for a particular device type, The 
latter allows the software to identity exactly what type of device is on j particular channel. 

The two c/cles of an I/O mpiit coinjiiand art siiown in Figure 2-1 0. 
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Figure 2-10. I/O Jnpuf ConiniJ^nd 

(nlerrupt Levels 

One I/O oiitput command in particular is important at this point, Tliis is the output 
interrupt control function. Utilizing tliis command, a processor can assign an intemfpt level 
to a particular channel. There are 64 interrupt levels. .A.ny channel can be assiLzned any inter- 
rupt le^-el by the central processor. Several can have the same interrupt level if necessary. To 
assign an interrupt level the processor executes an f/C) oulput command wliidi transmits a 
data word containing: the mteri-upt level and the CP channel number to the I/O channel. 
This then becomes the interrupt level at which that channel may in the future interrupt. It 
sliould be noted that priority levels are thui software-assigned and are completely nicJepen- 
dent of physical position. 

Interrupt Ciinmiands 

When a channel wants to interrupt because of a certain condition in the controller 
(typically the end of a block transfer), the channel initiate!^ an interrupt cycle (see Figure 
2-11 }, In this cycle, it places its channel number and its interrupt level on the Megabus and 
attempts lo iransmil these lo a processor (not necessarily the same one which had 
previously ^et up the interrupt level). A register in fhe processor (Ilk' S rcgisler) defines the 
priority level at vvliich the processor is cuiTtntly operating. Priority levels are assigned such 
that level 63 is the lowest priority and level is the highest priority (reserved for power 
failure interrupt). If the level number of the interrupting device is numerically lower (higher 
priority) th^in the level of the central processor, an interrupt will occur. If not. then the 
central proce^^OJ will reject the interrjpl and no more interrupt cycles will be placed upon 
the bus hy the 1/0 cbaimcl until it receives a signal from the central processor staging that 
the priority level of the central processor i^ changing and that it should thus reinitiate the 
interrupt retptest. 

An mlerrupt request can be received by the central processor at any luue, Including the 
lime between the two cycles of a reml operation . although it will not be processed until the 
instruction is complete. 
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Figure 2-11. Iniemipt Cytle 

Interrupt Action 

When un iutermpt is accepted, tht? cenltal processor typically assumes Ihe leveJ ot the 
interrupting source. It rcmaiiis at this higher priority level until inlcrrnptetl by some still 
hiciher pnority level, or until the CP finislic? tlie interrupt routine and executes an instruc- 
tion aiie LtV instruction) that returns control to either the rrcviously intecnipted level or 
to an intervening level. 

Consider the following (see Figure 2-12): 

1 , Processor running at level 40 sets up devices A, B, and C at interrupt leveis 20, 30, and 
25, respectively. 

2. Device B requests interrupt and i^ accepted. Processor now runs at level 30. 
3- Device A requests interrupt and is accepted. Processor now runs al level 20. 

4. Device C requests intemipt but is not accepted. It will not tT> again until processor 
ehanjics levels. 

5. Processor finisltes processing level 20 and issues LFV instruction. This allows C to 
request intenupt again; It iinoiv jccepted and processor runs at level 25, 

6. Processor finislies processing level 25 and issues LhV instruction: no liigher interrupis 
are pending, so it resumes level 30 processing. 

7. Processor finishes level 30. issues LEV, and goes hack to originid level 40. 
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Figure 2-11 Interrupt Action 
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Context Switchint; 

Each inleiTiipt level ha? its own individual con[<?xi ^nve are:i poiiiletl to hy i\ dtdicar^d 
vector. Upon interjupt. tlie CP firmware (after t^l^aiiii^^ all pending: traps at the ninninj; 
level) automatic ally storeri the contents of all active registers in the context save •ivsii of rhe 
interrupted level and loads the rcelstcis as spceiTicd for tlic intcrrupthii? level. Tlie niimbor 
of registers wliose context is saved and restored is under the conirol of a mask for each 
intemipt leveK with the mask set jp by the software. Thus, anywhere from 2 to I 8 (for 
Model 33) or 2 to 31 iTor larjier models) reixisters mny !ie [lutonmlically switched upon 
iniliarion of i\ new level. (For detiiils dm registers and tlic acliiin of intcmipls. see Section 3,) 

SUMMARY OF BUS OPERATIONS 

Figure 2-13 sniuarize-, the various Megabus operations described. The Meaabiii ilself con- 
tains the following 51 information signals: 

o 24 address bits 

o 16 data bits 

o 6 conlrol bits 

o 5 intcgrily biti^ 

There ate also 17 other lifi^s used for timing and otht^r fimctions. Data htiss typically 
hold a 16-bit data word or»on data requests^ the ^'return address"' of the requesting channel. 
The addresM lines contain either the ciiannel number of the destination or a nicinory addrcis 
as designated by one of the control lines, Lt should be noted that meinory L^ddre^!^es are not 
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Figure 2-13. Data and Address Bu^ Furmai^ 
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used to speciiy registers in vari■)Ll:^ I/O cli;mnel^. The latter are ^ipecifiod by J I 0-bit channel 
number and a h-Mt function cod<-. I^:iviu^ (h.' fnl! rang; of possible memory- addresses for 
addressing memory. A 32K system will have ull 32K words of raeniory addressable and a 
128K system will Imve ^2HK words addressable, etc. 

MEMORY ADDRESSES 

The hasic unit of addressmi^ is a word. A Model 23 or 33 has 16-bit address registers; 
therefore it can address (54K words of memory. For byre addresses, a 1 7tli bit is appendea 
and therefore, it can directly address 1 28K bytes of memory. Tlus is also the way .. Model 
43 or lai-aer model vvorks in llie short address format [SAiO mode. Tire Model 43 or larger 
model however, Ims 20-bit address rejiistcrs. When iji Llie SAH mode, only I C bits ot these 
registers are utilised. When in long address format (LAfl mode, all 20 bits are used for word 
ad'dressiny. Thus, the Model 43 caa directly address I million words of mam memor>-. 
Again, for byte addresses an e^t^a bit is appended. In tbis case, a :i-bit address results, 
allowinfi the Model 43 to directly address 2 million bytes of memory 

The Level 6 Meiiabus has 24 address lines utilized to address memory- to the byh- level. 
Thus the Megabuslas an architecture that is "open-ended" in that it can support processors 
with a direci addressinji capability of over Ifi million bytes. Of llicse 24 Imes, I; are 
actually used by Model 33 systems and 21 by Model 43 and larger systems. 

On *ord addresses, a 17-bit address is .^l-^-ays .generated in a Model 23 and 33 or ma 
larger model operating in SAF mode. A Model 43 OtXirating in LAF mode will generate a .1- 
bil address. If a bvte-oriented instruction is being executed, tire CP inlonns the memory via 
a control line on the Me^abus (otherwise the memory assumes a word address 1, Tlie memory 
then uses the low-order Meuiibus address bit to dctcnninc which byte oi a word should be 
written into (the remaining bvte will not be altered}. The low-order hit is always ignored tor 
memory reads, the entire word is returned, and the receiver determines wliieli byte to use. 

Throujjh the use of indcxinj^. 1 7-bit byte addresses are generateil m SAI- mode. 21-bit in 
LAP mode A bvtc count m an index n^gister is shifted one place to the n^ht betore bemg 
added to a 1 Ci-bil word address of a Model 23 and 33 or a 20-bit word address ol a Model 
43 Ihus if an index register contained the quantity 5 and a word address of 1000 was 
specified the fifth byte (starting at ^cro) from the left-half of word 1000 would be selected 
or the liEhl byle in word 1002 (see lipure 2-14). Notice that byte addresses arc sequential 
(left to i-igiili in memory and that data is thus in its correct sequence. 

A similar scheme is used with hi: insimuions to address bits; in this case a bit count is 
shifted four places to the right prior to being added to a word address. 
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